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INTRODUCTION
Several ideas for improving the 7-GeV Advanced Photon Source (APS) are presented here. The main features and the identification of technological-&as that needs further exploration are described.
POSSIBLE MODIFICATIONS OF THE APS STORAGE RING
The emittance can be reduced by increasing the horizontal damping partition number through a change in rf frequency. We have reduced the emittance during studies from 3.0 nm-rad to 2.5 nrn-rad. While the rf frequency was changed in steps, the values of tunes and chromaticity were adjusted manually to keep them constant. Because of dispersion, the orbit at the straight section was steered horizontally by about -2 mm. When steering the beam back, the emittance returned close to the original value. Perhaps tors in the 5.9-m straight section. Removing the nearest quadrupole magnet from the two adjacent girders, or replacing the dipoles with shorter ones, or both would allow space for an extra ID or two. One option is to replace the two closest 0.6-T, 3-m-long dipoles with 1.8-T, I-m-long gradient dipoles. These special solutions have increased emittance, so we may only allow one or a few such straight section modifications. Various configurations are presently being pursued [3] .
ENERGY RECOVERY LINAC
In addition to advanced storage rings and FELs, another concept fora next-generation light source is the Energy Recovery Linac (ERL) [4, 5] . In this concept, a superconducting linac is used to accelerate high-quality electron bunches to multi-GeV energies. Tne bunches are passed through one or more undulators in the course of being bent around a race-track transport line, which brings them hack to the head of the linac. If the path length is such as to delay the bunch phase by 180 degrees, then the energy is extracted from the beam, which is then dumped at a relatively low energy. In this way, a high-duty-factor beam can be provided with relatively modest energy consumption.
A variation on the ERL concept involves injecting the beam from a superconducting linac into a storage ring, where it is allowed to circulate one or more turns. This has two potential advantages: First, the hunch rate from the linac injector can potentially he reduced without reducing the average flux delivered to users. Second, if this is done with an existing storage ring, then existing undulators and heamlines potentially benefit from higher beam quality and shorter bunches. In such a scenario, beam would be extracted from the ring after circulating one more more turns and then he sent hack into the linac in the opposite direction.
We performed a preliminary evaluation of the possibility of such a facility at the APS, using the existing APS storage ring. Of particular concern were incoherent and coherent synchrotron radiation (ISR and CSR) effects. We used elegant to investigate three lattices: a lattice with zerodispersion in the straight sections ( " Z D lattice), a lattice with low emittance ("LE lattice), and an isochronous lattice with minimized emittance ("IS0 lattice). For each lattice, we injected a 50-pC bunch with 0.01% initial rms energy spread, I-pm-rad initial normalized rms emittance, and 50-pm initial rms bunch length. The ZD lattice was the clear winner in terms of emittance, with less than 10% emittance growth in the first turn. This is because energy spread due to CSR does not result in effective emittance growth in the straight sections. In the longitudinal plane, the lattices are fairly close. Figure 2 shows simulation results for a single turn.
It must be noted that these simulations used a Gaussian input beam, which may he very misleading [6] . A more trustworthy simulation requires a complete simulation of the injector, including bunch compression. Any such prohlems can be mitigated by making the'initial bunch longer and increasing the energy spread.. Simply increasing the initial hunch length to 100 pm allows one to increase the chargeto lOOpC while keeping theemittancegrowth under 10%. In addition, using a longer hunch opens the option of circulating for many turns. Figure 3 shows simulation results for a 100-pC hunch with initial ms hunch length of 300 p m (1 ps). The modest emittance growth suggests that a multiturn scenario would he feasible.
In addition to multiturn tracking and use of a realistic initial hunch distribution, these simulations should be ex: tended to include wakefields. The recent development of an impedance database for the APS [71 will be useful in this regard. length, and nns momentum spread vs distance, for one turn in APS of a 100-pC bunch for the ZD lattice. The initial hunch length is 300 pm.
. .
REPLACEMENT STORAGE RINGS
Another way to enhance the existing APS heamlines is to replace the APS ring with a new, lower-emittance ring. We investigated several possibilities for this. The most,ohvious 
000.
improvement is to double the number of cells in the lattice, which should reduce the emittance eightfold. In addition to this, we have investigated a more extreme concept that could reduce the emittance 100-fold. For the 80-sector exercise, we started with the present APS design and then cut the length of all magnets and dnft spaces in half, producing two subsectors in each present sector. We eliminated the straight section and triplets from the center. allowing us to lengthen the existing straight section to about 7.6 m from the present 4.8 m. elegant was used to minimize the effective emittance subject to various contraints on the beta functions. Figure 4 shows the lattice functions for this concept. which has a nominal effective emittance of 0.3 nm-rad.
The 80-sector ring is only about ten times better than the present-day APS, and may seem to offer too little improvement to justify the cost. To get truly low emittance, we developed a somewhat speculative concept called the extreme Photon Source (XPS). It features 40 sectors with three strong gradient dipoles per sector. Instead of separate quadrupoles and sextupoles, we assumed combinedfunction 12-pole magnets. Since there is dispersion every. where. this promises to allow correction of the chromaticity from each quadruple at the quadrupole itself. To improve stability and make the magnets feasible, we also suggest that all magnets be of a variable permanent magnet design. Figure 5 shows the lattice functions. The nominal effective emittance is 75 pm-rad, with a 20% increase expected from intraheam scattering (assuming full coupling). m e lattice allows approximately L O ' m for insertion devices in each straight section.
Because of the strong sextupoles in this lattice, the dynamic aperture is too small to allow accumulation. In addition, the beam lifetime is estimated at about 45 minutes assuming 1 mAlbunch and 7.5 MV rf voltage. Hence. we would have to use on-axis injection and inject frequently, using a high-current, low-emittance injector. We propose using the existing APS ring (moved to the floor of the tunnel) as an accumulator ring for the XPS ring. In this proposal, both the APS and XPS would have approximately the same stored beam current at all times. When the beam in the XPS had decayed excessively, it would be swapped with the beam in the accumulator during a single tuum. (This entails filling only half the circumference in each machine.) After swapping, the bunches in the former XPS heam would be replenished with the injector and then kept ready using top-up until the next "swap-up" was required. An advantage of using on-axis injection is that we can operate on the coupling resonance, thus providing round beams and smaller horizontal emitance.
The dynamic aperture for the bare lattice without errors is ahout *0.75 mm in both planes for energy offsets from -2% to 2%. Because of the small emittance. this corresponds to more than 20 times the rms beam size. Clearly, much more work is required on this concept, but it appears promising. Note that the normalized emittance of this 7-GeV ring is about 0.5 pm. comparable to proposed ERL .
: . proposals, the XPS is highly speculative and requires new technology. Our studies indicate that investigation of the requirements for such a ring could he very worthwhile. 
